Differential scanning calorimetry (DSC) and Rancimat apparatus have been used to evaluate the oxidative stability of eight different edible vegetable oils. Rancimat apparatus was operated at 110 °C with an air flow of 18-20 L/h and measures the induction period (IP) of the selected samples. The DSC technique involved the oxidation of the samples in an oxygen flow DSC cell when the cell temperature was set at isothermal temperatures of 100, 110, 120 and 130 °C. Oxidative induction time (T 0 ) determined by the time, where a rapid exothermic reaction were occurred between oil and oxygen. The results showed that unsaturated edible oils are more susceptible to oxidation in short time, than saturated one. Furthermore, the results indicated that there is a good correlation (p<0.0001) between DSC T 0 and the Rancimat values.
INTRODUCTION
The oxidation form referred to autoxidation, which is detectable only in the advance stage of process. The autoxidation of oils and fats is the main cause of their deterioration and Pg. 1389-1394
the most important problems in storage and processing technology of such food 1 . Lipid oxidation that leads to a decrease in the shelf life has been recognized as a problem in the food industry. The residence time to oxidation is expressed as induction period (IP) 2 . Numerous instrumental and Elevated temperature in the presence of pure oxygen or normal air, in excess, are used to determine the induction period in a short time 4 . Currently, oxidative stability of oils and fats can be determined by two commercially available equipments recommended by AOCS Rancimat apparatus is based on the work of Pardun and Korall (1972) and involves continuous measurement of the conductivity of water receiving volatiles from heated oil through which a constant stream of controlled filtered air is passed 7, 8 .
Thermal analysis is an accelerated method, which determines the oil stability and the antioxidant activity 9 . Recently, Differential Scanning Calorimetry has been applied to determine the oils and fats oxidation stability by several researchers [10] [11] [12] [13] [14] [15] [16] . The end point of DSC was taken at the time were a rapid exothermic reaction of oil and oxygen has occurred 15 .
Thermal Analytical techniques such as DSC can also be used to determine melting profile characteristics and crystallization like heat of transition , phase diagram, fatty material contain and fraud identify in fat and butter 17 .
The aim of the present study was to evaluate the oxidative stability of eight different oils selected according to their fatty acid composition using DSC and correlate with the results obtained with Rancimat apparatus.
MATERIALS AND METHODS
Sunflower, canola, refined-bleacheddeodorized palm (RBDPO) and soybean oils were obtained from Savola Behshahr Oil Company in Tehran, and other edible oils consisting of maize, peanut, sesame and coconut were purchased from Tehran local market. All the chemicals and solvents used were of analytical grades purchased from Merck chemical company (Darmstadt, Germany).
Fatty acid composition by gas chromatography (GC)
Gas liquid chromatography was used to determine the component fatty acids. Fatty acids were converted into their methyl esters using transesterification methods of oils with sodium methoxide as catalyst according to AOCS method 18 . Agilent-technologies 6890 N gas chromatograph equipped with a flame ionization detector and a capillary column (120m X25 mm ID-BPX 700. 250) (USA). Capillary column with temperature programming was used to determine the fatty acid composition according to AOCS method 19 . Helium was used as the carrier gas.
Standard chemical analyses
Free fatty acids (FFA), Iodine (IV), Peroxide (PV), Anisidine (AV) and Totox (TxV) values of the samples were determined according to AOCS method 4 .
Rancimat analysis
The induction period of the samples were evaluated by Metrohm Rancimat apparatus model 743(Herisau/ Switzerland) and determination was obtained as defined in AOCS Official Method cd 12b-92 (4). The instrument was operated at 110 °C with an air flow rate of 18-20 L/h. The induction period was recognized by a sharp change in the slope on the chart. A tangent was drawn from the slope to intersect an extension of the baseline and the distance of this intersection from the start was a measure of the induction time.
DSC analysis
The oxidative induction times for the eight different edible oils were determined by Setaram differential scanning calorimeter 131, 69300 caluire (France). Pure indium (melting temperature 156.6°C, ΔH f = 28.45 J/g) was used to calibrate the instrument and the baseline was obtained with an empty open aluminum pan. Edible oil samples of 5.0±0.5 mg were weighed into the open aluminum pans and placed in the equipment's sample chamber. The isothermal temperatures was programmed at four different temperatures (100, 110, 120 and 130°C), and then purified oxygen (99.8%) was passed through the sample enclosure at 50 ml/min. The DSC induction time (T 0 ) of the oxidation reaction corresponded closely to intersection of the extrapolated baseline and the tangent line (leading edge) of the exotherm.
Statistical analysis
All the experiments were performed in triplicate orders. The data were analyzed with Minitab 16 software. Person correlations compared the values obtained for DSC induction times (T 0 ) and Rancimat values. These correlations were applied, since they measure the strength and direction of their linear relationship, describing the direction and degree to which variable is linearly related to others.
RESULTS AND DISCUSSION
The fatty acids composition of eight different edible oils is shown in Table 1 . It was observed that sunflower oil is unsaturated and coconut oil is the saturated oils among the eight edible oils as tabulated in the Table 2 . Table 2 presents the Chemical Characteristics of the oils as an indicated sun flower oil has the highest and coconut oil has the lowest iodine value. Oxidation reaction is an exothermic reaction; evaluation of oxidative stability time (T 0 ) by DSC was measured Moreover, the ratio of surface to volume should be considered as an important parameter. In DSC method pure oxygen (99.98 %) is passed through the sample, but in the Rancimat normal air after passing through the air filter is applied.
Coconut oil and RBDPO with lower iodine value showed significantly (p<0.05) higher induction time than unsaturated oils such as sunflower, peanut, maize and soybean oils. In sesame oil high amount of endogenous antioxidants such as sesamol and sesaminol together with tocopherols make this oil resistant to oxidation 13 ; in connection with canola oil high amount of oleic (62.16 %) acid might be stabilize this oil against the oxidation.
With 10 °C increasing in isothermal temperature, T 0 significantly (p<0.05) decreased to half order of previous column (e.g. 120 to 130 °C) this phenomena is agreed with Q10 law in rate of chemical reaction with increasing temperature (Table 3 ).
The Pearson coefficient of correlation is the measure of degree of linier relationship between two variables. The DSC T 0 showed high correlation with the Rancimat values, independent of edible oil source (Table 4 ). The Pearson coefficient of correlation is higher than 0.96 for each comparison. Liner regression equations were proposed in Table  5 , because there is high association between DSC T 0 and Rancimat values. It is difficult to determine one regression equation for finding the relationship between both methods, because edible oils have the different chemical composition and sources
CONCLUSION
In this research we found that there is an excellent correlation between DSC T 0 and Rancimat values. This study also revealed that DSC method is an accurate, reliable and fast method, which could be regarded as a suitable technique for the evaluation of oxidative stability in oils and fats. Therefore, DSC method might be recommended as an accelerated method for assessing the oxidative stability, due to its time saving, simplicity and the fact that small quantity of substrate might be required to carry out the tests. Consequently, this method might replace the presently used Rancimat in research and quality control laboratories related to food industries.
